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3) Test: Anchors installed in concrete were installed per construction
procedures and the torque checked for several days thereafter. This
test was to show if consistent torque readings could be obtained.
The test sample included 1/2", 5/8" and 3/4" diameter sleeve anchor,

Results: Torque readings over the test period varied * 257,

4) Test: Anchcrs installed in concrete were overtorqued to predetermined
levels (comparable to the measured "breakaway" torque levels) while the
anchor tension was monitored, This was done using strain gage force
washers and digital readout equipment. The test sample included 1/2",
5/8", and 3/4" diameter sleeve anchors and 7/8", 1", and 1 1/4" diameter
wedge anchors.

In conjunction with this test, the yield and tensile strengths of the
anchor stud material were determined through mechanical tension testing
of material samples. This was done by Law Engineering Testing Company,
Charlotte, NC.

Results: As expected, the torque-tension relationships shown in these
tests were variable. But in no case were bolt stud tensile stresses
greater than the tensile yield strength of the anchor stud. Some of the
anchors did break during torquing even though anchor stud stresses were
below expected tensile yield. The breakage occurred in all of the 1/2"
and 5/8" diameter sleeve anchors and in 257 of the 3/4" diameter sleeve
anchors. In every case, fracture occurred in the threaded portion of
the anchor stud. This breakage indicated that torsional shear due to
torquing is as significant as tension in causing the stud to fail. The
torques at which the anchors broke were equivalent to or lower than
some of those found by QC inspections.

Although none of the anchors inspected were broken, these test results
indicate that some of the anchor studs may be stressed beyond the
yield point,

For all other anchors tested, the torques used for testing caused no
breakage and were much higher than any torques found in field installations.

Based on the results of the above testing, acceptance criteria for maximum
allowable torque values were established. Out of 397 supports inspected with
approximately 1650 anchors, 18 of the anchors on 14 supports did not meet the
acceptance criteria. Eight of these anchors (on 7 supports) were identified
under NCI 14069. Ten anchors (on 7 supports) were identified under NCI 14404.
No unacceptable anchors were found under NCI 14403. Calculations were performed
assuming the 18 anchors not meeting the acceptance had failed. The results were
that the system operability would be maintained. Therefore, no significant
safety problem exists with the overtorqued anchors.

In the case of those anchors which were undertorqued, there were 3 anchors

on 5 supports which were torqued below specified 1imits. A1l of these anchors
were identified under NCI 14069. Calculations were performed assuming the

9 undertorqued anchors as being ineffective. The results showed that system
operability would be maintained. Therefore, no significant safety problem
exists.



Those anchors identified under NCI 14069 as having a cupped washer, insufficient
bearing, and chipped concrete were evaluated under NCI 16188 and were determined
to present no significant safety problem,

0Of those anchors identified under NCI 14069 as being overtorqued, none were
found to be broken or to have damaged concrete. Of those anchors identifi. 4
as being overtorqued under NCI's 14403 and 14404, none were fouud to violate
minimum embedment, none were broken, and none had damaged concrete.

CORRECTIVE ACTION:

Those anchors which did not meet the acceptance criteria for maximum torque
will be replaced. Construction personnel have been retrained in the proper
resolution of excessive plate to concrete gaps and the proper method for
torquing of anchor bolts. Also, an inspection point will be added to QC
procedures tc require visual inspection of concrete around expansion anchors
to detect any distress in the concrete which may have resulted from over-
torquing of the anchors. Those anchors which were undertorqued will be
recorqued to the proper specifications. These corrective acticns will be
completed by January 15, 1983 as part of an existing reinspection/correction
program,




